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Japanese Patent Laid-ppen Publication No. Heisei 9-8205 

[TITLE OF THE INVENTION] 
RESIN-ENCAPSULATED SEMICONDUCTOR DEVICE 



[CLAIMS] 



A resin-encapsulated semiconductor device usin 
a lead frame which is shaped accordance w.th a two-^te 
etching process to a body wherein a thickness of inne. 
leads is less than that of the lead f.a.e blan.. 



comprisinc : 



inner leads having the thickness less than that of the 
lead frame blank; and 

-.e.-mi„al coiu„rs integrally connected tc the inner 
leads and naving the same thickness with the lead frame 
blank, the terminal columns possessing a column-shaped 
configuration which is adapted to be electrically connected 
--0 an external circuit, the terminal columns being disposed 
outside Of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 

thickness-wise di^errSrin -k^ ^ 

ai-ection .hereof, the terminal columns 

having terminal portions arranged on top ends thereof, the 
terminal portions being made of solders, etc. and exposed 
to the outside beyond a resin encapsulate, each inner lead 
possessing a rectangular cross-section and having four 
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surfaces incl-ding a first surface, a second surface, 
third surface and a fourth surface, the first surface be- 
flushed with one surface of a remaining porticr. oi tr. 
inner lead having the same thickness with the lead fra.-. 
blank while being opposed to the second surface, anc eacr 
of the third and fourth surfaces having a concave shape 
depressed toward the inside of the inner lead. 

2. A resin-encapsulated semiconductor device using 
a lead frame which is shaped in accordance with a two-step 
etching process to a body wherein a thickness of inner 
leads is less than that of .he lead frame blank, 
comprising: 

inner leads having the thickness less than that of the 
lead frame blank; and 

terminal columns integrally connected to the inner 
leads and having the same thickness with the lead frame 
blank, the terminal columns possessing a column-shaped 
configuration which is adapted to be electrically connected 
to an external circuit, the terminal columns being disposed 
outside of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 
thickness-wise direction thereof, portions of top ends of 
the terminal columns being exposed to the outside beyond a 
resin encapsulate, each inner lead possessing a rectangular 
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cross-section and having four surfaces including a f.r. 
surface, a second surface, a third surface and a fourt 
surface, the first surface bein-^ flushed wi-h cr.e surzac 
o: a remaining portion of the -nro- :» = ^ --....-^^ 
thickness with the lead frame blank. while being opposed t 
the second surface, and each -he .-^ 

surfaces having a concave shape depressed toward the insid 
of the inner lead. 

3. The resin-encapsulated seir.iconductor device as 
claimed in claims 1 or 2, wherein a semiconductor chip is 
received inward of the inner leads, and electrodes of the 
semiconductor chip are electrically connected to the inner 
leads through wires, respectively. 

^. The resin-encapsulated semiconductor device as 
clai:..ed in claim 3, wherein the lead frame has a die pad, 
and the semiconductor chip is mounted onto the die pad. 

5. The resin-encapsulated semiconductor device as 
claimed in claim 3, wherein the lead frame does not have a 
die pad, and the semiconductor chip is fastened to the 
inner leads using a reinforcing fastener tape. 



The resin-encapsulated semiconductor devi 



ce as 
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claimed in claims 1 or 2, wherein the semiconductor chip . 
fastened by means of insulating adhesive to the seccn 
surfaces of the inner leads on one surface thereof cn wh — 
the electrodes are located, and the electrodes cf rh 
semiconductor chip are electrically .connected to the firs 
surfaces of the inner leads through wires, respectively. 

7. The resin-encapsulated sem.iconcuctor device as 
claimed in claims 1 or 2, wherein the semiconductor chip is 
fastened to the second surfaces of the inner leads by bumps 
thereby to be electrically connected to the inner leads. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[FIELD OF THE INVENTION] 

The present invention relates to a resin- 
encapsulated semiconductor device capable of meeting the 
requirement for an increase in the number of terminals and 
resolving problems which are caused in association with 
position shift and coplanarity of an outer lead. 

[DESCRIPTION OF THE PRIOR ART] 

FIG. 15(a) shows the configuration of a generally 
known resin-encapsulated semiconductor device (a plastic 
lead frame package). The shown resin-encapsulated 

semiconductor device includes a die pad 1511 having a 
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semiconductor chip 1520 mounted .hereon, outer leads 15: 
to be electrically connected to the associated circuits 
inner leads 1512 formed integrally with the ou:er lea- 
i3l3, bonding wires 1530 for electrically ccnnec- •■ 

-..n>.. xeaas x5j.2 to tne pending pad 1521 of the 
semiconductor chip 1520, and a res.n 1540 encapsulating the 
ser..iconductor chip 1520 to protect the semiconductor chip 
1520 from external stresses and contaminants. This resin- 
encapsulated semiconductor device, after mounting the 
semiconductor chip 1520 on the bonding pad 1521, is 
manufactured by encapsulating the semiconductor chip 1520 

with the resin. in this ^=s^ "-an-Pn^'-i ^ 

--a... en>_apsula <.ed semiconductor 

device, Che number of the inner leads 1512 is equal to that 
of the bonding pads 1521 of the semiconductor chip 1520. 
And, FIG. 15(b) shows the configuration of a monolayer lead 
frame used as an assembly member of the resin-encapsulated 
semiconductor device shown in FIG. 15a. Such a lead frame 
includes the bonding pad 1511 for mounting the 
semiconductor chip, the inner leads 1512 to be electrically 
connected to the semiconductor chip, the outer lead 1513 
which is integral with the inner leads 1512 and is to be 
electrically connected to the associated circuits. This 
also includes dam bars 1514 serving as a dam when 
encapsulating the semiconductor chip with the resin, and a 
frame 1515 serving to support the entire lead frame 1510. 
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Such a lead frame is formed from a highly conductive r.e.a 
such as a cobalt, 42 alloy(a 42% Ni-Te alloy), copper-base 
alloy by a pressing working process or an etching process 
FIG. 15(b) {□) is a cross-sectional view taken aicr.z tn 
line ri-F2 of FIG. 15(b) (-f) . 

Recently, there has been growing demand for tne 
miniaturization and reduction in thickness of resin- 
encapsulated semiconductor device employing lead frames 
like the lead frame (plastic lead frame package) and the 
increase of the number of terminals of resin-encapsulated 
semiconductor package as electronic apparatuses are 
miniaturized progressively and .he degree of the 
integration of semiconductor device increase progressively. 
Thus, recent resin-encapsulated semiconductor package, 
particularly quad plate package (Qr?s) and thin quad flat 
packages (TQFPs) have each a greatly increased number of 



Dins 



Lead frames having inner leads arranged at small 
pitches among lead frames for semiconductor packages are 
fabricated by a photolithographic etching process, while 
lead frames having inner leads arranged at comparatively 
large pitches among lead frames for semiconductor packages 
are fabricated by press working. However, lead frames 
having a large number of fine inner leads to be used for 
forming semiconductor packages having a large number of 
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pins are fabricated by subjecting a blank of a rhicxness : 
the order of 0.25 ™„ „ an etching process, not a ores 
working. 

The etching process for for.Tir.g a lead 
fine inner leads will be described he: 



:rarr:e 



'emafrer wiz'. 



reference ro FIG. U. Tirsz, a copper alloy or 42 allo^ 
thin Sheer of a thickness on the order of 0.25 (a leac 
frame blank 1410, is cleaned perfectly (riG. 14(a)). Then, 
a Photoresist, such as a water-soluble casein p.hotoresist 
containing potassium dichromate as a sensitive agent, is 
spread in photoresist films 1420 over the major surfaces of 
tne rhm film as shown in FIG. 14(b). 

Then, the photoresist fil:r.s are exposed, through a 
mask of a predetermined pattern, to light emitted by a 
high-pressure mercury lamp, and the thin sheet is immersed 
in a developer for development to form a patterned 
.ohotoresist film 1430 as shown in FIG. 14(c). Then, the 
thin Sheet is subjected, when need be, to a hardening 
process, a washing process and such, and then an etchant 
containing ferric chloride as a principal component is 
sprayed against the thin sheet 1010 to etch through 
portions of the thin sheet 1410 not coated with the 
patterned photoresist films 1020 so that inner leads of 
predetermined sizes and shapes are formed as shown in FIG. 
14(d). 
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Then, the patterned resist fUms are removed, 
patterned thin sheet 1410 is washed to complete a lea 
fra.-ne having tne inner leads of dc.red shapes as shown 7 
-iG. 14(e). Predetermined areas of the lead 
formed by the etching process are .silver-plated. Arte: 
being washed and dried, an adhesive poly.n-.ide tape is st-^c' 
to the ....ner leads for fixation, predetermined tab bars 'a re 
bent, when need be, and the die pad depressed. m the 
etching process, t.he etchant etches the thxn s.heet in both 
the direction of the thickness a.nd directions perpendicular 
to the thickness, which limits the miniaturization of inner 
lead Pitches of lead frames. s.nce the thin sheet is 
etched from both the major surfaces as shown in FIG. 14 

during the etching process li- •« 

y Process, It .s said, when the lead frame 

has a line-and-soace shaoe th^- 

'i<:ipe, una^ the smallest possible 

intervals between the lines arp n -k^ 

xines are ^n che range of 50 to 100% 

Of rhe thictaess of the thin sheet. rro™ the viewpoint of 
fotmin, the outer lead having a sufficient strength, 
generally, the thiCness of the thin sheet .ust be about 
0.125 or above. Furthermore, the width of the inner 
leads must be in the range of 70 to 80 for successful 
-ire bonding. when the etching process as illustrated in 
"G. 14 is employed in fabricating a lead frame, a thin 
3heet of a small thickness in the range of 0.125 to 0.15 mm 
is used and inner leads are formed by etching so that th. 
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fine tips thereof are arranged at a pitch of about 0, 



mm. 



However, recent m.niatu.e res.n-encap.uiatc. 
serdccnductor package requires inner leads arranged at 
Pitches in the range of 0.13 to 0.1.5 .t.^, far s.^aller tnan 
0.165 mm. When a lead fraae .s fabricated by processing a 
rh.n sneet of a reduced thickness, the strength cf zhe 
outer leads of such a lead fra.e is not large enough to 
Withstand external forces that .ay be applied thereto in 
rhe subsequent processes including an asse.^ling process 
and a chip mounting process. Accordingly, there is a limit 
to the reduction of the thick.ness of the thin sheet to 
enable the fabrication of a minute lead frame having fine 
leads arranged at very small pitches by etching. 

An etching method previously proposed to overcome 
such difficulties subjects a .bin sheet to an etching 
process to form a lead frame after reducing the thickness 
of portions of the thin sheet corresponding to the inner 
leads Of the lead frame by half etching or pressing to form 
the fine inner leads by etching wit.hout reducing the 
strength of the outer leads. However, problems arise in 
accuracy in the subsequent processes when the lead frame is 
formed by etching after reducing the thickness of the 
portions corresponding to the inner leads by pressing; for 
example, the smoothness of the surface of the plated areas 
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IS unsatisfactory, the inner leads cannot be forr^ed ir. 
flatness and a dimensional accuracy required to clazr.c tr. 
lead frame accurately for bona.ng and mcldir.,-, ar.z 
Platemaking process must be repeated twice rr.akir.g the lea 
fabricating process intricate. i, , is also necessary tt 
repeat a platemaking process twice when the thickness cf 
the portions of the thin sheet corresponding to the inner 
leads is reduced by half etching before subjecting the thin 
Sheet to an etching process for forming the lead frame, 
Which also makes the lead frame fabricating process 
intricate. Thus, this previously proposed etching method 
nas not yet been applied to practical lead frame 
fabricating processes. 

[SUBJECT MATTERS TO BE SOLVED BY THE INVENTION] 

Cn the other hand, because a pitch among inner leads 
is made narrow as the number of terminals is increased, it 
is considered important to know whether a problem is caused 
or not in association with position shift or coplanarity of 
an outer lead when implementing a chip mounting process. 
Accordingly, the present invention has been made in an 
effort to solve the problems occurring in the related art, 
and an object of the present invention is to provide a 
resin-encapsulated semiconductor device capable of meeting 
the requirement for an increase in the number of terminals 
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and resolving problems which are caused in association wi, 
position shift and coplanarity of an outer lead. 

[.MEANS rOR SOLVING THE SUBJECT MATTERS] 

According to one aspect of rhe present inventicr., 
there is provided a resin-encapsulated semiconductcr device 
using a lead frame which is shaped in accordance with 3 
two-step etching process to a body wherein a thickness of 
inner leads is less than that of the lead frame blank, 
comprising: inner leads having the thickness less than that 
of the lead frame blank; and terminal columns integrally 
connected to the inner leads and naving the same thickness 
with the lead frame blank, the term.inal columns possessing 
a column-shaped configuration which is adapted to be 
electrically connected to an external circuit, the terminal 
columns being disposed outside of the inner leads in a 
manner such that they are coupled to the inner leads in a 
direction orthogonal to the thickness-wise direction 
thereof, the terminal columns having terminal portions 
arranged on top ends thereof, the terminal portions being 
made of solders, etc. and exposed to the outside beyond a 
resin encapsulate, outer surfaces of the terminal columns 
also being exposed to the outside beyond the resin 
encapsulate, each inner lead possessing a rectangular 
cross-section and having four surfaces including a first 
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surface, a second surface, a third surface and a four-.h 
surface, the first surface being flushed with one surface 
of a remaining portion of tne inner lead having the sa.^e 
thickness wxth the lead frame blank while being opposed to 
the second surface, and each of .the third and fourth 
surfaces having a concave shape depressed toward the inside 
of rhe inner lead. 

According to another aspect of the present inventxon, 
there is provided a resin-encapsulated semiconductor device 
us.ng a lead frame which is shaped in accordance with a 
two-step etching process to a body wherein a thickness of 
inner leads is less than that of the lead frame blank, 
comprising: inner leads having the thickness less than that 
of the lead frame blank; and terminal columns integrally 
connected to the inner leads and having the same thickness 
with the lead frame blank, the terminal colum.ns possessing 
a column-shaped configuration which is adapted to be 
electrically connected to an external circuit, the terminal 
columns being disposed outside of the inner leads in a 
manner such that they are coupled to the inner leads in a 
direction orthogonal to the thickness-wise direction 
thereof, portions of top ends of the terminal columns being 
exposed to the outside beyond a resin encapsulate, outer 
surfaces of the terminal columns also being exposed to the 
outside beyond the resin encapsulate, each inner lead 
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possessing a rectangular cross-sect.on and having fou 
surfaces including a first surface, a second surface, 
third surface and a fourth surface, the f.rst surface ceir. 
flushed with one surface of a remaining ccrticr. of the 
inner lead having the same thicknes.s with the lead frarr^e 
blan.< While being opposed to the second surface, and eacn 
Of the third and fourth surfaces having a concave shape 
depressed toward the inside of the inner lead. 

According to another aspect of the present invention, 
a semiconductor chip is received inward of the inner leads, 
and electrodes (pads) of the semiconductor chip are 
electrically connected to the inner leads through wires, 
respectively. According to another aspect of the present 
invention, the lead frame has a die pad, and the 
semiconductor chip is mounted onto t.he die pad. According 
to another aspect of the prese.nt invention, the lead frame 
does not have a die pad, and the semiconductor chip is 
fastened to the inner leads using a reinforcing fastener 
tape. According to still another • aspect of the present 
invention, the semiconductor chip is fastened by means of 
insulating adhesive to the seco.nd surfaces of the inner 
leads on one surface thereof on which the electrodes are 
located, and the electrodes of the semiconductor chip are 
electrically connected to the first surfaces of the inner 
leads through wires, respectively. According to yet still 
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another aspect of the present invention, the semiconducrcr 
chip is fastened to the second surfaces of the inner lead 
oy bur.pc thereby t. be electrically connected to the ir 
leads. In the above descriptions, in the case rhat 
terminal columns have terminal portions which are arranged 
on -op ends of the terminal columns, with the terminal 
portions made of solders, etc. and exposed to the outside 
beyond the resin encapsulate, while it is the norm that the 
terminal portions comprising the solders, etc. are exposed 
to tne outside beyond the resin encapsulate, ir is not 
necessarily required for the terminal portions to be 
projected beyond the resin encapsulate. Moreover, while it 
is possible to use the outside surfaces of the terminal 
columns while they are not encapsulated by the resin 
encapsulate and they are exposed to the outside, the 
outside surfaces of the terminal columns which are not 
encapsulated by the resin encapsulate, can be covered by a 
protective frame using adhesive, etc. 

[WORKING FUNCTIONS] 

The resin-encapsulated semiconductor device in 
accordance with the present invention can meet a demand for 
an increase in the number of terminals. At the same time, 
in the resin-encapsulated semiconductor device, because the 
forming process of the outer leads as in the case of using 
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a mono-layered lead frame shown in FIG. 13(b) ,s r.z 
required, it is possible to provide a semiconductor devi. 
in which no problam. are caused in asscc-ti...- x.-.r 
position shift and colplanarity cf the outer leads. Xcre 
particularly, the use of a multi-pinned lead frar.e shaped 
in a manner that inner leads have a thickness I533 tr.ar. 
that of zhe lead frame blank by a two-step etching process, 
that is, the in.ner leads are arranged at a fine pitch, can 
meet a demand for an increase m the pin number cf the 
semiconductor oevice. Furthermore, by using the lead fra.me 
which is fabricated by a two-step etching process as will 
be described later wirh reference to FIG. 1, the second 
surface of each inner lead has coplanarity, and is 
excellent in wire-bonding property. In addition, since the 
first surface of the inner lead is also a flat surface and 
the third and fourth surfaces are depressed toward the 
inside of the inner lead, the inner leads are stable and 
coplanarity width upon wire bonding process can be 
enlarged. 

[EMBODIMENTS] 

Embodiments of the resin-encapsulated semiconductor 
device in accordance with the present invention will now be 
described with reference to the attached drawings. First, 
a resin-encapsulated semiconductor device in accordance 
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with a first embodiment of .he present invention wi 
described hereinafter with reference to riGs . 



i(a) is a cross-secLional view 



- anc 
of tr.e res ' ~ 



encapsulated semiconductor device according to the 
embodiment of the present invention.. TIG. i(b) is a cress 
sectional view of an inner lead taken along the line Al-A 
of TIG. 1(a), and FIG. 1(c) is a cross-sectional view of 
terminal colu.mn taken along t.he line 51-32 of fiG. 1(a). 

Moreover, F'^G 2(!i) • <= = r^«- 

^{a) .s a perspective view of the resin- 
encapsulated semiconductor device according to the first 
embodiment of the present invention, FIG. 2(b) is a front 
View of rhe resin-encapsulated se.mico.nductor device of FIG. 
2(a), a.nd FIG. 2(c) is a bottom view of the resin- 
encapsulated se.miconductor device of FIG. 2(a). m FIGs. 1 
and 2, a drawing reference nameral 100 represents a resin- 
encapsulated se.miconductor device, 110 a semiconductor 
chip. 111 electrodes (pads), 120 wires, 130 a lead frame, 
131 inner leads, 131Aa a first surface, 131Ab a second 
surface, 131Ac a third surface, 131.Ad a fourth surface, 133 
terminal columns, 133A terminal portions, 133B side 
surfaces, 133S a top surface, 135 a die pad, and 140 a 
resin encapsulate. 

In the resin-encapsulated semiconductor device 
according to the first embodiment, as shown in FIG. 1(a), 
the semiconductor chip lio is placed inward of the inner 
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leads 131. As can be readily seen from -tg 

semiconductor chip 110 is mounted on the die pad 135 a 

surface thereci which is opposed to the other su-^= ■ 
thereof where the electrodes (pads) li: cf zr. 
semiconductor chip 110 are arranged.. Each electrode .cad 
--1 IS electrically connected to the second surface ISlAc 
of the inner lead 131 through the wire 120. The electrical 
connection between the resin-encapsulacea semico.nductor 
device 100 of this embodiment a.nd an external circuit is 
achieved by mounting the resin-encapsulated semiconductor 
device 100 via the terminal portions :33A each being made 
of a semi-spherical solder, on a printed circuit substrate, 
with the terminal portions 133A located on the top surfaces 
133S of the terminal columns 133, respectively. in the 
resin-encapsulated semiconductor device of the first 
ericdi.ment of the present invention, it is not necessarily 
required to provide a protective fra.me 180, and instead, a 
structure, as shown in FIG. 1(d), in which no protective 
frame is used can be adopted. 

The lead frame 130 used in the semiconductor device 
100 according to the first embodiment is made of a 42% 
nickel-iron alloy. Therefore, the lead frame 130A which 
has a contour as shown in FIG. 9(a) and is shaped by an 
etching process, is used as the lead frame 130. The lead 
frame 130 has inner leads 131 which are shaped to have a 
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thickness less than that of the terminal column. 133 o 
other portions. Dam bars 136 serve as a carr. whe 
encopsulating the semiconduc:or chip 110 with a resir. 
Moreover, although the lead frame 130A which is processe 
by etching to have the contour as . shown in FIG. 5(a,. . 
used in this embodiment, the lead frame is not limited to 
such a contour because portions except the i.nner leads 131 
and t.he terminal columns 133 are not necessary. The .nner 
leads 131 have a thickness of 40 Dm whereas the portions 
of the lead fra.me 130 other than the inner leads 131 .have a 
thickness of 0.15 mm which correspo.nds to the thickness of 
the lead frame blank. The other portions of the lead frame 
130 except the i.nner leads 131 .may not have the thickness 
of 0.15 .mm, but have a thick.ness of 0.125 mm-0.50 mm which 
is thinner. The tips of the .nner leads 131 have a small 
Pxtch Of 0.12 mm so as to achieve an increase in the number 
of terminals for semiconductor devices. The second face 
131Ab of the inner lead 131 has a substantially flat 
profile so as to allow an easy wire boding thereon. Also, 
as shown in FIG. 1(b), because the third and fourth faces 
131AC and 131Ad have a concave shape which is depressed 
toward the inside of the associated inner lead, a high 
strength can be obtained even though the second face (wire 
bonding surface) 131Ab is narrowed. 

In the present embodiment, since twisting does not 
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occur in the inner leads 131 irrespective of whether the 
inner leads 131 is long or not. The inner leads having zhe 
contour, a< shown in FIG. 9la,, in which the tips of tr.e 
inner leads 131 are separated one fro.T. a.-other, are 
prepared by the etching process, and the inner leads are 
resin-encapsulated after mounting the semiconductor chip 
thereon as will be described later. However, where the 
in.ner leads 131 are long in t.heir length ar.d have a 
tendency for the generation of twisting therein, it is 
impossible to fabricate the lead frame by etching to have 
the contour as shown in FIG. 9(a). Therefore, after 
etching -he lead frame in a state where the tips of the 
inner leads are fixed to the connecting portion 131B as 
shown in FIG. 9(c) (-T), the inner leads 131 are fixed with 
t.he reinforcing tape 160 as shown in FIG. 9(c) {□). Then, 
the con.necti.ng portions 131B which are not necessary in the 
fabrication of the resin-encapsuiared semiconductor device 
are removed by a press as shown in FIG. 9(c) (/n), and a 
semiconductor device is then mounted on the lead frame. 

Hereinafter, a method for the fabrication of the 
resin-encapsulated semiconductor device will now be 
described with reference to FIG. 8. First, the lead frame 
130A, as shown in FIG. 9(a), which is shaped by the etching 
process as will be described later, is prepared such that 
the second surfaces 131Ab of the inner leads 131 are 
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directed upward (FIG. 8(a)). 

Then, the semiconductor chip no is mounted onto t. 

die pad 1^5 such tnat the surfaces of the se-c=r.ductc 

chip 110 on which the electrodes 111 are arranged, ar 

directed upward (FIG. 8(b)). 

Next, after the semico.nductor chip 110 is fastened 
onto the die pad 135, .he electrodes 111 of .he 
semiconductor chip no and the second surfaces 13LAb of the 
inner leads 131 are bonded with each ot.her using wires 120 
(--IG. 8(c)) . 

Subsequently, encapsulation is carried out with the 
conventional res.n encapsulate 140. thereafter, 
unnecessary portions of the lead frame 130 which arl 
protruded from the resin encapsulate 1.0 are cut by a press 
to form terminal columns 133 and also the side surfaces 
i33B of the terminal columns 133 (FIG. 8(d)). 

Then, t.he dam bars 136, the frame portions 137, etc. 
of the lead frame 130A as shown in FIG. 9 are removed. 
Next, the terminal portions 133A each made of the semi- 
spherical solder are arranged on the outer surface of each 

terminal column 133 to fahrir.-i-^ = 

zo tabricate a resm-encapsulated 

semiconductor device (FIG. 8(e)). 

Thereafter, the protective frame 180 is arranged by 
means of adhesive around an entire outer surface of the 
resultant structure in such a manner that the side surfaces 
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of the terminal columns 133 are covered thereby (nc 
8(f)). At this time, the protective frame ISO functions t 
reinforce the semiconductor device. m other words, th 
protective frame 180 serves to prevent moisture frc 
leaking into a gap between the resin encapsulate and -.n 
terminal columns due to the fact that tne side surfaces c. 
the terminal columns are exposed to the outside, whereby a 
crack is not formed in the semiconductor device and the 
breakage of the semiconductor device is avoided. .However, 
persons skilled in the art will readily appreciate that it 
is not necessarily required to provide the protective frame 
ISC. ..ISO, when such an e.ncapsulating process by the resin 
is carried out using a desired mold, the encapsulating 
process is implemented in a state wherein the outer side 
surfaces of the terminal columns of t.he lead frame are 
som.ewhat protruded out of the resin encapsulate. 

A method for etching the lead frame of the first 
e.mbodi.ment will now be described in conjunction with the 
attached drawings. FIG. 11 is of cross-sectional views 
respectively illustrating sequential s^teps of the etching 
process for the lead frame of the first embodiment. m 
particular, the cross-sectional views of FIG. 1 correspond 
to a cross section taken along the line D1-D2 of FIG. 9(a). 
In FIG. 11, the reference numeral 1110 denotes a lead frame 
blank, 1120A and 1120B resist patterns, 1130 first opening. 
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1140 second openings, 1150 first concave portions, 116 
second concave portions, 1170 flat surfaces, and 119C a 

etch-resistant lave>- Fir<;- = . 

^<*ye-. tirsc, a wauer- soluble casein resis 

using potassium dichromate as a sensitive agent is coa- 
over both surfaces of the lead frame blank llio ..ade of a 
42% nickel-iron alloy and havxng a thickness of aoout 
using desired pattern plates, the resist fii.s 
patterned to form resist patterns 1120. and 11203 havxna 
r.rst opening 1130 and second openings 1140, respectively 



(--13. 11(a)) 



The first opening 1130 is adapted to etch the lead 

frame blank llio to have a flat etched bottom surface to a 

.hickness smaller than that of the lead frame blank 1110 in 

a subsequent process. The second openings 1140 are adapted 

to form desired shapes of tips of inner leads. Although 

the first opening 1130 includes at least an ^r,.. ^ ■ 

= w xeessu an area forming 

the tips of the inner I^sHq nm 

-nner leads lliO, a topology generated by 

partially thinned portion by etching in a subsequent 
process can cause hindrance in a taping process or a 
Clamping process for fixing the lead frame. Thus, an area 
to be etched needs to be large without being limited to 
fine portions of the tips of the inner leads. Thereafter, 
both surfaces of the lead frame blank llio formed with the 
resist patterns are etched using a 48 Be' ferric chloride 
solution Of a temperature of 57^ at a spray pressure of 
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2.5 kg/cm-\ The etching process is terminared at the per 
of time when first recesses 1150 etched to have a fla 
etcned bottom surface ha.e a depth h correspond.ng to 2/ 
cf the thickness of the lead frame blank (FIG. ll/b'. i. 

Although both surfaces cf -he. lead fra-e blank 11- 
are simultaneously etched in the primary etching process, 
it is not necessary to simultaneously etch both surfaces of 
rhe lead frame blank 1110. The reason why both surfaces of 
the lead frame blank 1110 are simultaneously etched, as in 
this eTjDodi.ment, is to reduce the etching time taken in a 
secondary etching process as will be described later. The 
total time taken for the primary and secondary etching 
processes xs less than that taken in the case of etching of 
only one surface of the lead frame blank on which the 
resist partem 11208 is formed. Subsequently, the surface 
provided w.th the first recesses 1150 respectively etched 
at the first opening 1130 is entirely coated with an 
etch-resistant hot-melt wax (acidic wax type MR-WB6, The 
Inctec Inc., by a die coater to form an etch-resistant 
layer 1180 so as to fill up the first recesses 1150 and to 
cover the resist pattern 1120A (FIG. 11(c)). 

It is not necessary to coat the etch-resistant layer 
1180 over the entire portion of the surface provided with 
the resist pattern 1120A. However, it is preferred that 
the etch-resistant layer 1180 be coated over the entire 
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portion of the surface formed with the first recesses 115 
and first opening 1130, as shown in FIG. 11 (c), because i 
is difficult to coat tne etch-resi^canr layer 1190 or.lv c. 
the surface portion including the first recesses 115;. 
Although the etch-resistant layer 1180 wax employed ir. this 
embodiment is an alkali-soluble wax, any suitacle way 
resistant to the etching action of the etchant solution and 
remaining somewhat soft during etching may be used. A wax 
for forming the etch-resistant layer 1180 is not limited to 
the above-mentioned wax, but may be a wax of a UV-setting 
type. Since each first recess 1150 etched by t.he primary 
etching process at the surface formed with the pattern 
adapted to form a desired s.haps of the inner lead tip is 
filled up with the etch-resistant layer 1180, it is not 
further etched in the following secondary etching process. 
T.he etch-resistant layer 1180 also enhances the mechanical 
strength of the lead frame blank for the second etching 
process, thereby enabling the second etching process to be 
conducted while keeping a high accuracy. it is also 

possible to enable a second etchant solution to be sprayed 
at an increased spraying pressure, for example, 2.5 kg/cm= 
or above, in the secondary etching process. The increased 
spraying pressure promotes the progress of etching in the 
direction of the thickness of the lead frame blank in the 
secondary etching process. Then, the lead frame blank is 
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subjected to a secondary etching process. m thi 
secondary etching process, the lead frame blank luc i 
etched at its surface formed witn first recesses 
having _ a flat etched bottom surface, zz complerel' 
perforate the second recesses 1160, thereby forming the 
tips of inner leads 131A (FIG. 11 (d)). 

The bottom surface 1170 of each recess formed by the 
primary etching process is flat. However, both side 
surfaces of each recess positioned at opposite sides of the 
bottom surface 1170 have a concave shape depressed toward 
the inside of the inner lead. Then, the lead frame blank 
is cleaned. After completion of the cleaning process, the 
etch-resistant layer 1180, a.nd resist films (resist 
patterns 1120A and 1120B) are sequentially removed. Thus, 
a lead frame 130A having a structure of FIG. 9(a) is 
obtained in which tips of the inner leads 131A are arranged 
at a fine pitch. The removal of the etch-resistant layer 
1180 and resist films (resist patterns 1120A and 1120B) is 
achieved using a sodium hydroxide solution serving to 
dissolve them. 

The processes for manufacturing the lead frame as 
shown in FIG. 11, is to form by means of etching the lead 
frame having the tips of the inner leads used in this 
embodiment of the present invention, which have a thickness 
less than that of the lead frame. Especially, the first 
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surfaces 131Aa of the tips of the inner leads as shown i 
FIG. 1, are flushed with one surfaces of remaining portion 
of the inner leads having the san.e thickness with the lea. 
frame while being opposed to the second surfaces l-lAc, anc 
the third and fourth surfaces are fprmed to have a concave 
shape which is depressed toward the inside of the inner 
leads. Where a semiconductor chip is mounted on the second 
surfaces 131Ab of the inner leads by means of bu.mps for an 
electrical connection therebetween, as in a semiconductor 
device according to a third e.mbodiment as will be described 
hereinafter, an increased tolerance for the connection by 
bumps is obtained when the second surface 131Ab has a 
concave shape depressed toward t.he inside of the inner 
lead. To this end, an etching method shown in FIG. 12 is 
adopted in this case. The etching method shown in FIG. 12 
is the same as that of FIG. 11 in association with its 
primary etching process. After completion of the primary 
etching process, the etching method is conducted in a 
manner different from that of the etching method of FIG. 11 
in that the second etching process is conduced at the side 
of the first recesses 1150 after filling up the second 
recesses 1160 by the etch-resist layer 1180, thereby 
completely perforating the second recesses 1160. At this 
time, by implementing the primary etching process, etching 
at the side of the second openings 1140 is performed in a 
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sufficient manner. The cross section of each inner lead 
including its tip, forrned in accordance with the etchir 
meunod of riG. 12, has a concave shape depressed toward zr. 
inside of the inner lead at the second s^jrface :31Ac, a 
shown in FIG. 6 (b) . 

The etching method in which the etching crccess is 
conducted at two separate steps, respecrivsly, as in -hat 
CI FIGS. 11 and 12, is generally called a "two-step etchinc 
method". This etching met.hod is advantageous in that a 
desired fineness can be obtained. The etchinc method used 
to fabricate the lead frame 130A of the first embodiment 
shown m FIG. 9 involves the two-step etching method and 
the method for forming a desired shape of each lead frame 
portion while reducing the thickness of each pattern 
for-ed. In particular, the etching method makes it 
possible to achieve a desired fineness. In accordance with 
the method illustrated in FIGs. 11 and 12, t.he fineness of 
the tip of each inner lead 131A formed by this method is 
dependent on the shape of the second recesses 1160 and the 
thick.ness t of the inner lead tip which is finally 
obtained. For example, where the blank has a thickness t 
reduced to 50 Dm, the inner leads can have a fineness 
corresponding to a lead width Wl of 100 Dm and a tip 
pitch p of 0.15 mm, as shown in FIG. 11(e). In the case of 
using a small blank thickness t of about 30 Dm and a lead 
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width Wl of 70 Dm, it is possible to form inner leaa 
having a fineness corresponding to an inner lead pirch c c 
0.12 ..-un. Of course, it may be possible to for.T. inner 
having a further reduced tip pitch by adjusting the clan 
thickness t and the lead width Wl.. That is to sav, a 
inner lead tip pitch p up to 0.08 m.-n, a blank thickness up 
to 25 Dm , and a lead width Wl up to 40 Dm can be 
obtained . 

In the case where twisting of the inner leads does not 
occur in zhe fabricating process, as in the case where the 
inner leads are short in their length, a lead frame 
illustrated in FIG. 9(a) can be directly obtained. 
•However, where the inner leads are long in length as 
compared to those of the first embodiment, the inner leads 
have tendency for the generation of twisting. Thus, in this 
case, the lead frame is obtained by etching in a state 
where the tips of the inner leads are bound to each other 
by a connecting member 131B as shown in FIG. 9(c) (-T). 
Then, the connecting member 131B which is not necessary for 
the fabrication of a semiconductor package is cut off by 
means of a press to obtain a lead frame shaped as shown in 
FIG. 9(a). 

Moreover, as described above, where unnecessary 
portions in a structure shown in FIG. 9(c) (-T) are cut to 
obtain the lead frame having the contour shown in FIG. 
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9(a), a reinforcing tape 160 (a polyimide rape) i 
generally used, as shown in TIG. 9(c) (/v). while zr. 
connecting member 1313 is cur off by means cf a press r 
obram the contour shown in FIG. 9(c) (□), a semiccnducrc 
device is mounred on the lead fr.ame srill havmc rh 
reinforcing tape attached thereon. Also, the mounrec 
semiconductor device is encapsulared wirh a resin in a 
condition where the lead frame still has the tape. The 
line E11-E12 illustrates a cut portion. 

The tip of t.he inner lead 131 of the lead frame used 
in the semiconductor device of this firsr embodiment has a 
cross-sectional shape as shown .n TIG. 13(0(3). The tip 
i31A has an etched flat surface {second surface) 131Ab 
which is substantially flat and therefore has a width Wl 
sligh-ly greater than the width W2 of an opposite surface. 
The widths Wl and W2 (about 1000 Dm) are more than the 
width W at the central portion of the tips when viewed in 
the direction of the inner lead thickness. Thus, the tip 
of the inner lead has a cross-sectional shape having 
opposite wide surfaces. To this end, although either of 
the opposite surfaces of the tip 131.^ can be easily 
electrically connected to a semiconductor device (not 
Shown) by a wire 120A or 120B, this embodiment illustrates 
the use Of the etched flat surface for wire-bonding as 
shown in FIG. 13(D) (a,. m fig. 13, a reference numeral 



591543 v: 



29 



M-5599 US 
9-8205 



131Ab depicts an etched flat surface, i31Aa a surface cf 
lead frame blank, and 121A and 1215, respectively, ? olare 
portion. In the case of :-ig. 13,a)(5;, -.here ha 
particularly excellent in wire-bcndinc property, beza-^si 
the etched flat surface does not have roughness. n^. 
13 (/N) shows that the tip 13313 of the inner lead of the 
lead frame fabricated according to the process illustrated 
in FIG. 14 is wire-bonded to a semiconductor device. In 
this case, however, both the opposite surfaces of the tip 
13313 of the in.ner lead are flat, but have a width smaller 
than t.hat in a direction of the inner lead thick.ness. m 
addition to this, as both the opposite surfaces of the tip 
13313 IS formed of surfaces of the lead frame blank, these 
surfaces have an inferior wire-bonding property as compared 
to that of the etched flat surface of this first 
embodiment. FIG. 13(-) shows that the inner lead tip 
1331C or 13310, obtained by thi.nning in its thickness by a 
means of a press (coining) and then by etching, is wire- 
bonded to a semiconductor device (not shown). m this 
case, however, a pressed surface of the inner lead tip is 

not flat as shown FIG. 13(C) Thn<= i-k^ w • 

inus, the wire-bonding on 

either of the opposite surfaces as shown in FIG. 13(-)(a) 
or FIG. 13(-){b) often results in an insufficient wire- 
bonding stability and a problematic quality. The drawing 
reference numeral 1331Ab represents a coining surface. 



591SJ3 vl 



30 



M-5599 US 
9-8205 



A modified exan>ple of the resin-encaps.Iat 
semiconductor device in accordance with the f.r. 
embodiment of the present inventio:. win describe 
Hereinafter. riGs. 3(a) through 3(e) a-e .-^.c,-„„ 
Views Of the modified example of the resin-encaps.late 
semiconductor device in accordance with the firs 
embodiment of the present invention. The semiconducto 
device of the modified example as shown in FIG. 3(a), i 

different from that of -Hp ^< ■ 

o. .ne ^^rsu emooaiment in that a 

posi-.ion of .he die pad 135 is changed, char is, the die 
pad 135 is exposed to the outside. By the fact that the 
die pad 135 is exposed to the outside, the heat dissipation 
property is improved as compared to the fitst e,^odi„ent. 

Also, in the semiconductor dev-:ce -ho ^ 

uev_ce ^ne modified examole 

as Shown in riG. 3(b), because the die pad 135 is exposed 
to the outside, the heat dissipation property is improved 
as compared to the first embodiment. Unlike the first 
embodiment or the modified example as shown in FIG. 3{a,, 
in the present modified example as' shown in FIG. 3(b), 

because a directinn of i-k« 

aireccion of the semiconductor device 110 is 

Changed, the first surfaces of the lead frame are 
established as the wire bondi.ng surfaces. The modified 
examples as shown in FIGs. 3(c), 3(d) and 3(e), illustrate 
semiconductor devices which are obtained by modifying the 
semiconductor devices of the first embodiment, the modified 
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example as shown in FIG. 3(a) and the modified exar.ple a 
Shown in FIG. 3(b), wherein the semi-spherical solders ar 
not used, and instead, the top surfaces of .ne te.r.i.-.a 
cclu:nns are directly used as the terminal portions, .nereb, 
an entire manufacturing procedure can be simplified. 

Next, a resin-encapsulated se.miconductor device - 
accordance with a second embodiment of the present 
invention will be described. riG. .(a) .s a cross- 
sectional View Of the resin-encapsulated semiconductor 
device in accordance wi.h the second em.bodiment of the 
present invention, FIG. 4 it) is a cross-sectional view 
illustrating inner leads, taken along the line .:^3-A4 of 
-^IG. 4(a), and FIG. 4(c) is a cross-sectional view 
illustrating a terminal column, taken along the line B3-34 
cf FIG. 4(a). Because an outer appearance of the 
semiconductor device of the second embodiment is 
substantially the same as that of the first embodiment, it 
is not illustrated in the drawings. m FIG. 3, the drawing 
reference numeral 200 represents a semiconductor device, 
210 a semiconductor chip, 211 electrodes (pads), 220 wires, 
230 a lead frame, 231 inner leads, 231Ab a second surface, 
231AC a third surface, 231Ad a fourth surface, 233 terminal 
columns, 233A terminal portions, 233B side surfaces, 233S 
top surfaces, 240 a resin encapsulate, and 270 a 
reinforcing fastener tape. m the semiconductor device of 
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this second embodiment, the lead frame 230 does not have 
die pad, the semiconductor chip 210 is fastened - 
inner leads 231 oy the reinforcing fa.tener tape 2^0^ a:-. 
zhe semiconductor chip 210 is electrically cor— --^ - 
electrodes (pads) 211 to the second . surflces 23:7,7 
inner leads 231 by wires 220. Also, in the case of th.s 

second embodiment, similarly -o -h^ ----^.^ 

- ~ "-ne -irst emoociment, t'-^^ 

electrical connection betwe-n -h« ■ 

c-we^n cne resm-encacsuiated 

se»icoP.duc-.=r dev.ce 200 ot this eiriodiment and a. external 
ci-'cui. is achieved by .-ncur.-.ing resin-encaps.iated 
semiconductor device 200 via the terminal portions 233A 
each being made o. a semi-spherrcal soider, on a printed 
e.r=..t substrate, with the terminal portions 233A located 

on the roD sur^ac^^s P'^^q 

. u^ac.s 233S of tne terminal columns 233, 

respectively. 

in addition, the semiconductor device of this second 
e.i>odimeht does not have a die pad as shown i„ riG.. 10, a, 
and lO.b,. The manufacturxn, method of the semiconductor 
-Vice Of this e^odiment using the lead frame 230A which 
is Shaped bx the etching process is substantially the same 
as that of the first embodiment except that, while in the 
case Of the first embodiment, the wire bonding process and 
resin encapsulating process are performed in a state 
"herein the semiconductor chip is fastened to the inner 
leads, in the case of the second embodiment, the wire 
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bonding process and resin encapsulating process ar 
performed in a state wherein the semiconductor chip 2iC i 
fastene. together with the inner leacs 231 by zh 

reinforcing fastener tape 270. aie- r--.^ 

for the unnecessary portions and . the ter.T.inal pcrtior 
fcrn>.ing process after res.n encapsulating process are 
implemented in the same way as the first embodiment. The 
lead fra.me 230 as shown in riG. 10(a) is obtained in the 
same manner by which the lead frame 130A as shown in FIG. 
9(a) is obtai.ned. In other words, by cutting the resultant 
structure obtained after etching the structure as shown in 
10(c) (^), the contour as shown in FIG. 10(a) is 
Obtained. At this time, the conventional reinforcing 
fastener tape 260 (the polyimide tape) as shown in FIG. 
10(c) (□), which performs a reinforci.ng function is used. 

TIG. 5(a) through 5(c) are cross-sectional views 
illustrating modified examples of the semiconductor device 
of the second embodiment. The semiconductor device as 
shown in FIG. 5(a) is different from the semiconductor 
device of the second embodiment, in that the surface of the 
semiconductor chip thereof which has the electrodes is 
directed downward. The modified examples as shown in FIGs. 
5(b) and 5(c), illustrate semiconductor devices which are 
obtained by modifying the semiconductor devices of the 
second embodiment and the modified example as shown in FIG. 
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5(a), wherein the semi-spherical solders are not used, ar 
instead, the top surfaces of zhe terminal colu-r.s az 
directly usee as the terminal portions. In these e.-.a-Tcles 
because a protective frame is not used and the sid 
surfaces 2333 of the terminal columns 233 are exposed t 
the outside, a checking operation by a test, etc. can c 
easily performed . 

.n=-.e., a resm-encapsulated semiconducto. 

device in accordance with a third embodiment of the present 
invention will be described. FIG. 6(a) is a cross- 
sectional view of the resin-encapsulated semiconductor 
device of the third embodiment, FIG. 6(b) is a cross- 
sectional view illustrating inner leads, taken along the 
line ^5-A6 of FIG. 6(a), and FIG. 6(c) is a cross-sectional 
view illustrating a terminal column, taken along the line 
35-B6 of FIG. 6(b). Because an outer appearance of the 
semiconductor device of the this third embodiment is 
substantially the same as that of t.he first embodiment, it 
is not illustrated in the drawings. m FIG. 6, the drawing 
reference numeral 300 represents a semiconductor device, 
310 a semiconductor chip, 312 bumps, 330 a lead frame, 331 
inner leads, 331.:va a first surface, 331Ab a second surface, 
331AC a third surface, 331Ad a fourth surface, 333 terminal 
columns, 333A terminal portions, 333B side surfaces, 333S 
top surfaces, 340 a resin encapsulate, and 350 a 
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reinforcing fastener tape. In the semiconductor device c 
this third embodiment, the semiconductor chic 3ic -■ 
fastened to the second surfaces 331Ab of the i:.ner ieao 
331 by the bumps 311 thereby to be electricallv -cnnec- 
to the second surfaces 331Ab. The . lead frame 330 has 
contour as shown in FIGs. 10(a) and 10(b), wnich is forme 
by the etching process of FIG. 11. As shown FIG 
i3('r)(b;, both Widths WIA and W2A (about 100 Om) at top 
and bottom ends of the inner leads 331 are larger t.han a 
Width WA at a center portion in a thickness-wise direction. 
Due to the fact that the second surfaces 331Ab of rhe inner 
leads 331 is depressed toward the xnside of t.he inner leads 
and the first surfaces 331Aa are flat, a desired fineness 
can be obtained. Also, when the second surfaces 331Ab of 
the inner leads 331 are electrically connected to the 
semxconductor chip via bumps, easy connection can be 
accomplished as shown in FIG. 13(0,(5). Further, in the 
case Of this third embodiment, as in the case of the first 
and second embodiments, the electrical connection between 
the resin-encapsulated semiconductor device 300 of this 
embodiment and an external cxrcuxt is achieved by mounting 
the resin-encapsulated semiconductor device 300 via the 
terminal portions 333A each being made of a semi-spherical 
solder, on a printed circuit substrate, with the terminal 
portions 333A located on the top surfaces of the terminal 
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columns 333, respectively. 

In addition, unlike the semiconductor device of zr^ 
iirst embodiment, the se:niconductor device of this 
em±>odiment uses a lead frame which is shaped by the ezctiZ 
process as shown in FIG. 12. .However, the .T.anuf acturir.r 
method Of the semiconductor device of this embodiment .3 
substantially the same as that of the first em^odi.ment 
except that, while in the case of the fi.st emboo.mer.t, the 
Wire bondi.ng process and resin encapsulating process are 
perfcr.T.ed in a state wherein the semiconductor chip is 
fastened to the inner leads, in the case of this th.rd 
embodiment, ..e w.re bonding process and resin 
encapsulati.ng process are performed in a state wherein the 

sem.iconductor chip 310 is - 

Jiu IS ^asuenea to the inner leads 331 

-5 via the bumos aierN 

umps. Also, tfte cutting process for the 

■unnecessary portions end the terminal portion tor.i„, 
process after resin encapsulating process are implemented 
in the same way as the first embodiment. 

FIG. 6(d) is a cross-sectional view illustrating a 
«odified example of the semiconductor device in accordance 
With the third embodiment of the present invention. In the 
modified example of the semiconductor device as shown in 
"G. 6,d), the terminal portions each comprising the semi- 
spherical solder are not provided, and the top surfaces of 
the terminal columns are directly used as the terminal 
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portions. Because the protective frame is not used and t; 
side surfaces 333B of the terminal columns 333 are expos, 
to the out.iae, a checking ooe.at.on by a test. etc. can i: 
eas 11 y performed . 

Hereinafter, a resin-encap^ulated semiconductc 
device in accordance with a fourth embodiment of .h 
present invention will be described. FIG. 7(a) is a cross 
sectional view of the resin-encapsulated semiconducto. 

device of the fourth embodiment, ^t,, ^ . ^ 

.-.w. / [O) IS a cross- 

sectional vxew illustrating inner leads, taken alo.ng the 
line A7-A8 of FIG. 7 (a,, and FIG. 7(c) is a cross-sectional 
view illustrating a terminal column, taken along the line 
37-38 Of FIG. 7(b). Because an outer appearance of the 
semiconductor device of t.he this fourth embodiment is 
substantially the same as that of che first embodiment, it 
IS not Illustrated in the drawings. In FIG. 7, the drawing 
reference numeral 400 represents a semiconductor device, 
410 a semiconductor chip, 411 pads, 430 a lead frame, 431 
inner leads, 43IAa a first surface, 431Ab a second surface, 
431AC a third surface, 431Ad a fourth surface, 433 terminal 
columns, 433A terminal portions, 433B side surfaces, 433S 
top surfaces, 440 a resin encapsulate, and 470 insulating 
adhesive. m the semiconductor device of this fourth 
embodiment, one surface of the semiconductor chip 410 on 
Which the pads 411 are disposed is fastened to the second 
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surfaces 431Ab of the .nner leads 431 by the ir.sulatir. 
adhesive 470, and the pads 411 and the first surfaces 431A 
o: the .nner leads 431 are elec.r.cally connecreo v.ith eac 
other by wires 420. The semiconductor device of thic 
fourth enbodiment uses the same lead. frame which is used ir 
the third embodiment, which has the contour as showr. •.- 
FIG. 10(a) and iO(b). Also, in t.he case of this fourrr. 
emi.odi.ment, as in the case of the first and second 
embodiments, t.he electrical connection between the resin- 
encacsulared semiconductor device 400 of this e.mbodiment 
and an e.xternal circuit is achieved by mounting the resin- 
encapsulated semiconductor device 400 via the terminal 
portions 4 33A each being made of a semi-spherical solder, 
on a printed circuit substrate, with the terminal portions 
433A located on the top surfaces of the terminal columns 
433, respectively. 

-=-IG. 7(d) is a cross-sectional view illustrating a 
rr-odified example of the semiconductor device in accordance 
with the fourth embodiment of the present invention. m 
the modified example of the semiconductor device as shown 
in FIG. 7(d), the terminal portions each comprising the 
semi-spherical solder are not provided, and the top 
surfaces of the terminal columns are directly used as the 
terminal portions. Because the protective frame is not 
used and the side surfaces 433B of the terminal columns 433 
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are exposed to the outside, a cheOcing operation by a tes 
etc. can be easily performed. 

[EFFECTS or T.HE INVENTION] 

-h-e present invention provides a resin-e.icapsulare:: 
serrdconductor device employing the above-mentioned lead 
fra.T:s, which is capable of meeting a demand for the 
increased terminal number. Furtherm.cre, the resin- 
encapsulated semiconductor device in accordance with this 
invention does .not require a process or cu.r.ng or bending 
the dam bars as .n the case of using a lead frame having 
cuter leads as shown in FIG. 13(b). As a result of th.s, 
rhe resin-encapsulated sem.xco.nductor oevice does not have a 
problem xn .hat the outer leads are bent, or a problem 
associated with coplanarity. m addition to these 
advantages, nhe resin-encapsula.ed semiconductor device has 
a shortened interconnection length as compared to the QTP 
or the BGA, whereby the semiconductor device can be reduced 
a parasitic capacity, and shortened in a transfer delay 
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